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In  a  previous paper,  ~ alternating  current  measurements  were  used  to 
explore the nature of the large electrical capacity often exhibited by living 
Falonict cells.  It was concluded that this possessed an appreciable "polar- 
ization"  component, because it was not possible  to balance  the  capacity 
of the cell at all frequencies against  any single static  capacity value in a 
simple series parallel network assumed to represent the cell circuit, over the 
audio  frequency  range  employed.  Instead,  both  the  balancing  capacity 
and its  series  resistance  fell  off with  increasing frequency of alternating 
current.  This is analogous to the capacity and resistance of a polarizable 
electrode  (e.g.  bright  platinum  in  salt  solution)  in  alternating  current. 
However, not so pronounced a  change with frequency occurred with  cells 
as with  electrode,  and  the  actual  capacity  per  square  centimeter of  cell 
surface  was  less.  Accordingly  it  was  suggested  that  the  capacity  was 
partly  static,  with  an  appreciable  polarization  component.  This is  con- 
sistent with the idea of a plasmamembrane thin enough to act as a condenser, 
of  fairly  high  resistance  (e.g.,  10,000  ohms per  sq.  cm.  of  cell  surface),  2 
yet allowing sufficient passage of ions, with different relative mobilities, to 
set  up  diffusion  potentials  at rest,  and presumably therefore to develop 
polarization under current flow. 
Since the impaled cells are usually 1 to 3 sq. cm. in surface, and interpose 
but  a  single  layer  of protoplasm in  series with  the  exterior  and  interior 
contacts,  the actual capacity is large enough (1  or 2,  up to even 8  or  10 
microfarads), to permit transient measurements with direct current.  The 
charge and discharge curves at make and break often occupy ~  second or 
longer, hence are readily recorded with a  string galvanometer.  Examples 
of these have been given in previous papers;8 in the present paper they are 
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shown  in  balance  against  known  capacities,  with  a  view  to  indicating 
how  closely  they  approach  a  static  or polarization  type.  Metabolic  and 
experimental  control of the capacity is also described. 
Methods 
The Bermuda  Valonia  macrophysa was mostly employed,  a  few experiments  with 
V. ventricosa from Florida yielding essentially similar results.  Earlier work was done in 
Bermuda  on freshly collected cells,  but  the  more careful recordings were necessarily 
performed on ceils brought from Bermuda to this laboratory.  A variety of electrical 
and other criteria indicated that the ceils were normal and healthy, and it is believed that 
the results are typical.  Impaled ceils were employed because electrical effects are best 
known in these, and current can be made to pass in only one direction across the entire 
protoplasm.  The  ditficulties  of distributed  capacity  1 along the  surface between  two 
external contacts are also avoided.  The cells were impaled in the customary manner, a 
fine glass tube (containing artificial sap) being inserted from above into the cell, which 
was supported on a glass ring.  Several days were allowed for recovery after impalement, 
for the P.D. to stabilize, and for high resistance  to appear.  The latter  is  extremely 
variable, and depends among other factors, we now realize, on light.  Thus a day or two 
of dim light or darkness was found to induce higher resistance, and prompt  transient 
curves, whereas brighter light tends to abolish these, producing the state called "delayed 
polarization. ''s  (The latter occurs only at rather high current densities passing inward 
across the protoplasm, and then only with a delay in its appearance, making the time 
curve sigmoid, and sometimes cusped.)  This effect of light  is best  explained by the 
photosynthetic utilization of CO2, the presence of which, as seen below, tends to raise the 
resistance of the cells,  and makes for  regular, prompt  transients,  with a  more  nearly 
static capacity.  There is, however, an anomalous initial effect of bright light which at 
first  increases  the  resistance  and  reactivity,  before  the  later  decrease  mentioned. 
This agrees with other bioelectric,  4 as well as external electrode measurements s indicat- 
ing initial anomalies in the acidity changes; these have been found in Valonia as well as 
in Halicystis. 
The recording circuit was a  simple D.C. bridge, similar to the one used in previous 
work,2, a with an input  arranged for reversal of current  flow,  and  control of current 
density, from a battery of ten tapped dry cells and a potential divider.  Ratio arms of 
1000 ohms each were used for a 1 : 1 ratio, and a  10,000 ohm arm substituted for one of 
these to give a  10:1 ratio, often necessary when large cell capacities were encountered; 
(the ratio is in the opposite direction for capacities and resistances).  General Radio 
resistance decades were used,  sometimes supplemented  by non-reactive resistances  of 
higher value.  A Leeds and Northrup type 1070 decade mica condenser, and two 1 ~f. 
mica condensers of good quality were used to balance capacity.  A Wagner earth ground, 
with capacity shunt, was used to balance out residual reactance in the bridge circuit 
itself; it was sometimes necessary to connect this across the detector, instead of across 
the  input,  presumably  because  of unbalances  in  the  detector  ground leaks  (storage 
battery, etc.). 
4 Blinks, L. R., Y. Gen. Physiol.,  1939-40, 28, 495. 
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The detector and recorder was a single-stage vacuum tube amplifier,  with a string 
galvanometer (Einthoven, or Kipp torsion string type) balanced into the plate circuit. 
Recording was  on 35  mm.  positive film,  running at  about  1 inch per second.  The 
galvanometer response  appeared  essentially  instantaneous  to  rectangular  calibration 
curves at this speed (e.g., see Fig. 3); and balances of one static capacity against  another 
showed no deflection  at make or break when the Wagner arm was properly adjusted 
(Fig. 2). 
The calomel electrodes, through which connection to the cell was made by salt bridges, 
were of sufficient surface that no detectable polarization occurred with these alone (e.g., 
using a dead cell as a control) at the current densities employed.  In general the current 
densities  here reported were low, usually not over 10 microamperes  per sq. cm. of cell 
surface.  Positive current passing outward across the protoplasm was usually employed, 
since resistance to this is a better indication of  the  "regular"  state  than  to  inward 
current, which often exercises a further "conditioning" effect raising the resistance while 
it flows,  a 
Types of Capacity Curves 
It was originally intended  ~ to record the charge and discharge curves of 
current flow across the protoplasm,  with  only a  resistance  balance in  the 
adjacent bridge arm.  Then this curve would be compared with  a  strictly 
exponential decay curve, calculated to fit it as closely as possible, or directly 
superposed over curves similarly recorded, taken with comparable networks 
of  resistance  and  capacity,  both  static  and  polarization.  The  fit or  the 
deviation would indicate the degree of approach to a  static or polarization 
type  of  capacity  respectively.  However,  variations  in  the  speed  of  film 
travel, non-linearity of the galvanometer deflection toward the edges of its 
field, shrinkage  of the film or print  after development, etc.,  all made  this 
method uncertain and tedious.  Instead, since a network comparable to the 
cell had  to be used in any case for comparison,  this network was directly 
balanced  against  the  cell in  the  bridge,  and  an  immediate  record of  the 
deviations obtained over a  range of capacity settings. 
The principle of this is indicated in Fig.  1, where a family of exponential 
charge  (or discharge)  curves is shown,  representing  several different static 
capacity settings  (C, C/2,  C/4,  C/10).  When  C  is balanced against  C  in 
similar  networks,  of  course no deflection results,  but  when  C  is balanced 
against C/2,  etc., then the deflections of Fig.  1 b result.  These are curves 
that start from the zero line, bend away, and approach it again, but never 
cross it.  The closer one approaches to a  balance,  the less will be this de- 
viation, until at balance a  straight line results (C  -  C).  If overbalanced, 
e.g. C vs. 2 C, then the curve deflects in the opposite direction, but it never 
crosses  the  zero line  during  its  time  course.  Thus  a  balance  can  be  ap- 
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is  reached no deflection whatever  results  at make  and  break.  An  actual 
record of this sort is shown in Fig. 2, taken with two static condensers. 
On the other hand, if we  postulate  a  capacity (or resistance)  increasing 
with  time  (which  appears  to  be  the  case  with  polarization  capacities), 
then  the  charge  and  discharge  curves  are  no  longer  strictly  exponential, 
but fall toward completion more and more slowly.  Such a curve is indicated 
in  Fig.  1 a  by  the  broken  line  (P),  which  in  turn  cuts  across  the  various 
exponential  curves  representing  the  static  capacity  charge  or  discharge. 
If this curve is subtracted from the several "C" curves, then the family of 
residual deflections of Fig.  1 c results.  It is clear that no complete balance 
can ever be obtained.  Instead, the lower C values produce first a deflection 
in one direction, then a  return to zero (at the point where P  cuts the given 
C  curve), and a  final deflection in the opposite direction, since P  acts as if 
it  were  first  smaller,  then  greater  than  the  given  capacity.  With  very 
large values of C, only the deflection below the line is found, now prolonged 
greatly.  Clearly,  no  complete  balance  is  possible  over  the  entire  time 
course  with  any  single  static  capacity  setting.  A  series  of  curves  taken 
when  a  polarization  capacity  is  balanced  against  a  comparable  network 
including a  static capacity actually shows first a  notched curve at lower C 
values,  a  definitely  "diphasic"  balance  at  higher  C  values,  and  finally  a 
"monophasic" deflection with large capacities, but never a complete balance. 
An example is shown in Fig. 3, taken with a polarizable platinum  electrode, 
balanced against a  static capacity and resistance network.  This should be 
compared with  Fig.  2,  where  two  static  condensers balanced  against  each 
FIG. 1.  Diagrammatic sketches of the time curves of charge (or discharge)  obtained 
with static capacities,  and an assumed  polarization capacity.  In  (a)  the exponential 
charge curves of static capacities C, C/2, C/4, and C/IO are shown, as well as an assumed 
polarization  curve P, which has an effective capacity (or resistance)  that increases with 
time, and therefore cuts across the whole series of exponential curves in turn. 
(b)  shows the effect of subtracting the charge curves of static capacities,  which  is 
accomplished  when the transients are balanced against  each other in a bridge.  Thus C 
balanced by C/IO gives a cusped curve, due to the cutting off of the first,  high part of 
the deflection, but thereafter following fairly closely the curve of C.  C-C/4 and C-C/2 
give successively lower curves, C-C of course produces no deflection in either direction, 
while C-2 C produces one below the line. 
(c) shows the effect of balancing P  against  the several exponential curves (P-C/IO, 
P-C~4, etc.).  The feature of the lower 3 C values is the cusp below the line, the balance 
curve crossing zero at the point where P  cuts the given C curve in (a).  Only with the 
largest C value, which  P  does  not cut, is the residual  curve entirely below  the line, 
though with a different shape from that in (b). 
It is understood that discharge curves are the same as these, merely inverted above 
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other in comparable networks give only simple monophasic unbalance curves 
with  too  high  or  too  low  settings,  and  at  balance  yield  a  perfect  straight 
line, with no notch or deflection in either direction. 
With  a  mixed  capacity, i.e. a  static condenser in  series or parallel with  a 
polarizing  electrode,  intermediate  types  of  curves  result,  with  smaller 
residual  diphasic  elements  appearing  over  the  middle  range  of  balancing 
FIG. 2.  String galvanometer records of transients  due to charge and discharge  of a 
4/~f.  static condenser balanced against  static capacities of the values shown  (in M.). 
Note that there are no diphasic  curves, the residuals  becoming merely smaller as a bal- 
ance is approached, and absolutely disappearing at balance (4 #f.).  (Arrows show the 
moment of make, M, and break, B, with 4 M. since there is no other indication.)  With 
overbalance, monophasic residuals in the opposite direction result. 
The capacities were included  in a  network involving a  series  resistance r  of 48,144 
ohms, and a parallel resistance R of 10,000 ohms (see Fig. 4) which are comparable to the 
values frequently met with in cells.  Time intervals, shown by the faint vertical lines at 
the bases of the records,  are 1/5 second. 
values  against  a  static  condenser.  Again  no  complete  balance  is  ever 
possible,  though  the  extent  of  the  deviations  is  of  course less than with a 
pure  polarization  capacity.  This  mixed  cdpacity  more  closely  resembles 
the cell behavior, toward which we may now turn. 
Cell Recordings 
In  recording  and  balancing  the  charge  and  discharge  curves  of  living 
cells,  proper  resistance  as  well  as  capacity  settings  must  be  made.  The 
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cell  components  diagrammed  beside  it.  The  network  is  admittedly  over- 
simplified,  since  it  lumps  the  entire  protoplasmic  complex,  with its almost 
certain  two  capacities  in  series  (at  the  outer  and  vacuolar  cell  surfaces), 
FIG. 3.  String galvanometer deflections resulting from the make and break of current 
through a  pair of small platinum electrodes in 0.5  i  KC1 solution, wired  into a circuit 
containing a series resistance r of 46,190 ohms, and a parallel resistance R of 24,230 ohms, 
the electrodes representing C, as in the network of Fig. 4. 
In (a) is first shown a calibrating potential of 20 my. (+ and  -) indicating the essen- 
tially rectangular deflection of the galvanometer at this speed of recording.  Next in (a) 
the polarizing electrode is balanced against only the series resistance r, giving a deflection 
curving away from zero at make, and returning to it at break.  Finally in (a), R is also 
introduced,  so that  the deflection is first away from zero, and then returns  to it in the 
steady state, both at make and break. 
In the  remaining  records,  C  is  introduced,  with  equivalent  values  of  1,  2,  etc.  M. 
up to 8 M. in the final record.  It is clear that no setting gives a complete balance.  With 
2 #f. sharp cusps are evident carrying the curve abruptly to one side of zero before the 
opposite deflection occurs; these diphasic curves are most clear with 3 and 4/~f.,  while 
with  5, 6,  and more M.  the residual  curve becomes almost entirely  monophasic in the 
direction of these cusps. 
Actual bridge ratio, 10:1, the effective resistance and capacity values being corrected 
for this.  Time intervals,  1/5 second, shown by the faint vertical lines at the bases of the 
records. 
and probably other resistance  and capacity elements at the plastids,  nuclei, 
and  other  cell  structures.  However,  since  it  is  impossible  to  assign  indi- 
vidual  values  to  these,  it  seems  best  to assume  the  simplest  possible  three 
element  network.  Some  justification  may be found for this,  since,  as seen 
below, it approximates  to almost perfect balance  under some conditions. 254  CAPACITY  OF  VALONIA 
r  is the sum of all those resistances in series between the electrodes, up to, but not 
including, the protoplasm itself; in practice it is largely due  to  the narrow sap-filled 
impaling capillary inserted into the vacuole.  It usually lies between 10,000 and 50,000 
ohms, higher resistances being inconvenient for this and other purposes (e.g., recording 
with the "Micromax" potentiometer).  A good value is 25,000  to 30,000 ohms.  This 
can be determined in advance of impalement with the sap-filled capillary, and the value 
does  not  vary greatly from  this,  except  with  temperature,  or  concentration  changes 
R  C 
C 
q 
FIG. 4.  Diagram of the impaled cell of 
Valonia,  indicating  its  component  resis- 
tance and  capacity  elements,  rl, r2,  etc. 
represent  the series resistances leading up 
to  the  protoplasmic  surface;  these  are 
largely  located  in  the  narrow  impaling 
capillary (r2).  R  and  C  are  the  parallel 
resistance and capacity respectively of the 
protoplasm as a whole.  In the right hand 
diagram is the electrical network assumed 
to represent the cell, and  to  balance it in 
the  bridge.  Under  some  conditions,  it 
gives a nearly perfect balance. 
within the tube  above  the  capillary (due 
to  evaporation, or  diffusion  of KC1  from 
the upper  salt bridge).  It  also  accounts 
for most of the resistance of the living cell, 
when  the latter is  in  its  truly  "delayed" 
polarization state, at current densities too 
low to induce high protoplasmic resistance. 
However, when  cells are in the "regular" 
state, which is necessary for these measure- 
ments,  other  means  have  to be taken  to 
check the value of r.  One  method  is  to 
measure with  alternating  current  at  the 
higher  audio  frequencies  (e.g.  10,000  cy- 
cles) ; here the impedance of the protoplasm 
is  very  low,  and  the  total  impedance  is 
practically equal to r. 1  But it can also be 
done by inspection, or by recording, of the 
string  galvanometer  deflections  at  make 
and break.  Fig. 5 c indicates the criteria 
of such  balance: at  make, a  smooth  im- 
mediate start of the charging  curve  from 
zero (or other reference line if a 1,.D. is dis- 
played), without either a  momentary cusp 
in the  opposite direction (Fig. 5 d, e) or a  jump away, leaving a  blank space before the 
charging curve begins (Fig. 5 a, b).  The latter (a, b) indicates that r  has been set too 
low; the former  (d, e) that it is too high.  The flickers produced by the cusps  (d, e)  are 
easier  to  detect  by the  eye  than  the  jumps (a, b), and  in  practice the balance is ap- 
proached from this, the high side, until they just disappear.  Actual recording was per- 
formed in critical cases, and the best value chosen after development of the film. 
With r  thus  established, R,  the effective D.C. resistance of the protoplasm is then 
readily determined by the setting which brings the curve back to zero (or  to  the  P.D. 
reference line) after the charging transient is over, as in Fig. 5f.  This adjustment simply 
shifts the charging curve downward by the amount representing the former off-balance 
due to R; its shape is not changed, and it merely starts below the line to the extent of its 
former steady state deflection ab6ve the line.  (The discharge curve remains in its same 
position throughout all the adjustments of Fig. 5.)  The value of R  necessary to make 
this steady state balance is from 5,000  to 20,000  ohms  in most  cells displaying regular 
transients.  It tends to  become  higher  under  the  conditions favoring static capacity, 
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R  being set, we may  now attempt  to balance C, in parallel with R  in the 
network  (and presumably  in  the  cell).  Fig. 6  shows  a  series of records of 
b  <?  2. 
.  ¢.  -a.  If. 
FIG. 5.  Sketch indicating the criteria of resistance balance, employing the network 
of Fig. 4,  but with a  capacity setting of zero.  a  and b represent too low values of r, 
since the transient curves do not start smoothly from the base line, but exhibit a  clear 
space or jump at both make and break,  c represents a proper balance of r, since no such 
break in the curves appears,  d and e represent too high values of r, shifting the charging 
curve downward on the record; as a  result, small cusps below the base line appear at 
make,  and  above the  steady state  deflection at  break.  Finally, if r  is correctly set 
according to this test, and R  is then adjusted so that the steady state of the charging 
curve is brought to the base line, curve f  results.  The capacity C can then be adjusted 
in turn. 
It should be noted that only the position of the charging curve is shifted by these 
adjustments, the discharge curve remaining in the same position throughout. 
FIG. 6.  Balance of D.C. transients at make and break of current  through a  Valonia 
cell.  r  and R  being balanced, C was varied from 0.0 #f.  to  1.6 #f.  as shown  (the cell 
values were  10  times this high  due to  a  10:1  ratio in  the bridge).  It is clear that  a 
balance is being approached at close to the 1.0 or 1.1/zf. setting, but that even here there 
is a residual diphasic deflection, which is also evident with 1.2 and 1.3 #f. settings, which 
deviate more and more from balance.  No single setting gives complete balance of the 
transients. 
Bridge ratio,  10:1,  making the actual cell capacities 10  times those marked.  Cell 
surface about 3 sq. cm., giving at the best setting, 3 to 4/~f. per sq. cm. of cell surface. 
r  =  60,000 ohms, R  =  20,000  ohms.  Time marks at base of record, 1/5 second apart. 
Current density about 10 microamperes per sq. cm. surface (outward flow). 
this sort, taken with  a  cell which  reacted  promptly  and  regularly, as  seen 
in  the  initial,  purely  resistive  balance.  With  increased  values  of C,  the 256  CAPACITY  OF  VALONIA 
deflections  at  charge  and discharge  become notably  reduced,  but display a 
diphasic  type  of  curve  at  medium  C  values,  passing  over  into  deflections 
to the opposite side of zero, at higher C values.  Nowhere is there a complete 
balance  attained  although  it  is  considerably  better  than  that  given  by  a 
polarizing  electrode  similarly balanced  against a  condenser  (Fig. 3).  This 
FIG. 7.  Transients due to make and break of current through impaled Valonia cell. 
The first curve is that with r only in the balancing arm, giving a smooth deviation from 
zero at make, and a return at break.  R is next introduced, shifting the charging curve 
upward so  that  it returns to zero  in the steady state,  the discharge curve remaining 
unchanged.  C is then introduced in parallel with R, with the effective  values in micro- 
farads as marked.  The charge and discharge curves become progressively smaller with 
increasing C values, until at 8 and 9 microfarads there is close approximation to a balance. 
There is however, a  residual diphasic unbalance even here, giving a  deflection first in 
one direction, then in the other, indicating a degree of polarization element unbalanced 
by the static balancing capacity.  (Make and break here indicated by arrows.) 
Actual bridge ratio, 10 : 1, but with values here corrected to read for the cell as marked. 
r  =  68,400 ohms, R  =  15,000 ohms, C at best balance, 8 to 9/zf.  Surface of cell about 
3 sq. cm.  Current density, about 10 microamperes per sq.  cm. of cell surface.  Time 
intervals, 1/5 second,  shown by the faint vertical marks at the base of the records. 
is consistent with the cell's displaying an appreciable degree of polarization, 
which cannot be balanced completely by  a  static  condenser.  6 
6  It should be understood that other causes beside polarization might produce devi- 
ations from a strictly static capacity.  Thus a poor paper condenser often does  not bal- 
ance against a  good mica one over the entire charge and discharge time curve, or over 
the frequency range in A.c.  (See for example Laws, F. A., Electrical measurements, 
New York, McGraw-Hill, 1917, 363-364; Grover, F. W., Bureau Standards  Bull.,  1911, 
7, 495.)  Such imperfect dielectrics might well occur in the cell surface.  But it is pos- 
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On the whole, this is the type of record generally given by Valonia cells. 
Another example is shown in Fig.  7.  This is quite aside from even more 
complicated curves sometimes obtained, in which, for example, the charging 
curve is balanced at one capacity, but a different setting must be found for 
discharge.  This is probably due to the "conditioning" or "deconditioning" 
effect of current flow as such, which has been described in a  previous paper. 
Fig. 8 shows an example of this unsymmetrical state. 
However, from time to time cells come into a state of more or less complete 
balance  by a  proper  value  of  static  capacity,  where  only  a  slight  flutter 
at the very instant of make or break may betray a momentary unbalance-- 
so rapid as to be off the reliable range of the D.c.  transient  recording.  In 
general,  the  capacity required for such balance is also appreciably smaller 
than  that giving the nearest approach  to balance in the polarization  type. 
In an endeavor to control this occurrence of static capacity,  changes in 
the acidity of sea water were made, since earlier work had shown that more 
regular  transients,  and  higher  resistances,  were  induced  by  acidification 
of the  sea water,  especially by weak acids,  such  as  CO2 and  acetic acid. 3 
Added to the  sea water  until  the pH by an indicator was about 6.0, these 
acids were indeed found to be most effective in shifting the capacity toward 
the static type.  (Strong acids such as HC1 are also effective but require a 
longer time.)  Fig. 9 indicates the high degree of balance attained against a 
static capacity when such acidified sea water was given to a  cell previously 
displaying  a  good  degree  of polarization  capacity (e.g.,  as in Fig.  7).  On 
returning  the cell  to ordinary  sea water,  this  induced  static  capacity per- 
sists for some time--several  hours  or even overnight--then slowly regains 
more  of a  polarization component.  Loss of the static character, or even of 
any polarization  at  all,  on  the  other  hand,  is favored by  the  addition  of 
traces of penetrating  base, such as ammonia,  to the sea water.  As shown 
earlier, 3 this tends to lower the resistance,  and abolish all polarization, ex- 
cept to very large inward currents, where a  typical  delayed polarization  fi- 
nally  appears--presumably  because  the  inward  current  overcomes  the 
ammonia  effect,  perhaps  by  increasing  the internal  acidity. 
Other influences which tend to produce partial or complete attainment of 
a  static type of capacity include low oxygen tension, low temperatures for 
a  considerable length of time, and a variety of chemical substances such as 
phenols,  cresols,  quinones,  cyanide,  and  other  narcotics,  etc.  It  is  sug- 
gestive that  most of these agents  also produce a  positive I,.D. in  Valonia. 
Some of them may have a specific action on the cell surface; nevergheless, the 
similarity of their behavior suggests that they may all be operating in the 
same manner, namely by increasing the internal  acidity of the protoplasm, 
possibly by favoring fermentation  and other anaerobic processes increasing 258  CAPACITY  OF VALONIA 
acid production in the plant  cell.  This  hypothesis needs further testing, 
but is favored by the fact that ammonia can  often  counteract many  of 
FI6. 8.  Records of current flow in impaled Valonia showing an asymmetry between 
the  charge  and discharge  curves.  In a,  the  charge  and  discharge  curves  alone are 
shown, compensated as to r  and R, but not as to C.  Then the balance with I0 #f. is 
shown, which is almost perfect  as  to make, but still unbalanced in the break curve. 
Increase to  15 #f. produces two nearly equal, slightly diphasic curves, but both curved 
upward.  20  /zf. badly overbalances the charge curve, but only slightly overcompen- 
sates the discharge.  Return through  15  #f.  to  10 yr.  repeats the earlier records.  It 
is clear  that  a  different capacity value governs the  time course for  charge  and dis- 
charge, and that the charging curve is more nearly compensated by a static condenser 
than is the discharge. 
R  =  20,000 ohms, r  =  60,000 ohms.  Surface of cell about 2 sq. cm.  Outward cur- 
rent about  10  microamperes per sq.  cm.  Time marks at base of records,  1/5 second 
apart. 
their effects,  although  some  of  the  agents seem  to  be  immune  to, or  even 
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Light,  as mentioned  earlier,  also  influences  the  type of  capacity, which 
tends  toward  the  static  type when  the  cells have been kept dark for some 
time.  This  is  presumably  due  to  the  internal  accumulation  of  CO2  and 
possibly other  acids.  Illumination  produces  more polarization  character- 
FIG. 9.  Transient  records of make and break of current  through  impaled  Valonia 
cell which has been exposed for a short time to sea water, acidified with acetic acid to a 
pH of about 6.0.  Smooth, symmetrical charge and discharge  curves are seen against 
increasing balancing capacity, and when the latter reaches 6 #f., an almost perfect straight 
line results at make and break in record c.  (Arrows indicate make and break moments.) 
Higher  C  values  cause  only  symmetrical  deflections,  without  diphasic  component. 
The entire record closely resembles Fig.  2,  the balance of two static capacities, and it 
is to be concluded that the cell's capacity is likewise entirely static in this case, and about 
3 #f. per sq.  cm. of cell surface. 
Cell surface about 2 sq. cm.; outward current, 6.5 microamperes per sq.  cm. of cell 
surface,  r  =  60,000 ohms, R  =  5,000 ohms.  C values in #f. as marked.  Time inter- 
vals at base of record a, 1/5 second apart; same record speed throughout. 
istics  if  long  continued,  but  there  is,  during  the  first  5  or  10  minutes  of 
illumination,  often  an  enhanced  resistance,  and  a  distinctly  more  static 
capacity,  than  during  the  later  course  of illumination.  This  corresponds 
with  other  evidence,  mentioned  above,  4,  5 that  there  is  an  anomalous  in- 
crease of acidity as the first effect of light, which precedes the later alkaline 
drift  as  CO2 is  consumed.  There is a  great deal of evidence,  still  unpub- 
lished, that this occurs in Valonia, just as it does in Halicystis, and accounts 260  CAPACITY  OF VALONIA 
for remarkable cusps of the P.D. under certain conditions.  The effect upon 
resistance and  capacity, in  giving results like  those of increased acidity, 
still further increases the evidence for the reality of this anomalous effect. 
DISCUSSION 
It is to be concluded that the electrical capacity displayed by Valonia, 
and possibly by other cells now under study (e.g. Halicystis,  Nitella)  is not 
rigidly of one sort, but naturally ranges from strictly static, to increasing 
deviations therefrom.  It  is  under  experimental  and  metabolic  control; 
conditions which increase the internal acidity of the protoplasm,  tend to 
raise the resistance, lower the capacity, and render the latter more strictly 
static.  All of these changes are in  agreement with effects upon the bio- 
electric potential itself, and with the response of the latter to changes in the 
ionic environment.  For weak acids, as well as agents similarly affecting the 
r.D., also greatly alter the response to dilution of sea water, substitution of 
K  for Na, and of NO3 for C1, etc#  Such effects on Halicystis  are paralleled 
by some on Valonia,  shortly to be published.  We may therefore conclude 
that  the  cell surface can  take  on  varying degrees of ionic permeability: 
(1)  It may permit relatively free passage to all ions, in which case its re- 
sistance, P.D., and polarizability are low; (2) it may become somewhat less 
permeable to one species of ion than to another, in which case its resistance 
increases, its P.D. responds well to ionic concentration changes, and it de- 
velops a counter-E.M.F, of polarization type; and (3) it may become relatively 
impermeable to all ions,  in which case its resistance is very high, its e.D. 
less responsive to some ionic alterations, and its capacity nearly or entirely 
static,  the  thin,  poorly  conducting  cell  surface  becoming  a  condenser. 
The  first  condition is  that  of  an  electrolytic conductor,  the  second like 
a  polarizing,  partially  reversible  electrode,  the  third  like  a  mica  or  oil 
condenser) 
This concept of a  variable cell surface is perhaps disturbing to a  fixed, 
definitive description of its properties, but is in accord with a great many 
recent findings, which relate its properties to metabolism and other experi- 
mental  conditions.  It  seems necessary that  any  speculations  as  to  the 
nature of the cell surface must include, among other things, its remarkable 
lability.  Whether a strictly lipoid surface will display these properties, or 
whether a  more complicated structure must be assumed, will depend upon 
studies of comparable models, such as liquid phases, and multi- or monomo- 
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Impaled cells of Valonia were balanced in a  Wheatstone bridge against 
a  simple series-parallel circuit of two resistances and a  capacity, the tran- 
sient charge and discharge curves at make and break of direct current being 
recorded  with  a  string  galvanometer.  With  the  resistances  properly 
balanced, a series of characteristic deflections resulted when the balancing 
capacity was varied.  With many cells, no complete capacity balance was 
ever attained over the entire transient time course; but instead either a 
monophasic or  diphasic  residual  deflection  always  remained.  This  be- 
havior is comparable to that of a polarizing electrode in D.C., although not 
so clearly marked; and it is concluded that Valonia usually has an appre- 
ciable polarization component, probably in parallel with a static capacity. 
However, some cells can be balanced almost completely against a mica 
condenser of proper value, which indicates that they display a nearly pure 
static capacity under some conditions.  This static state could be produced 
experimentally by exposure to weak acids (acetic, carbonic, etc.)  and by 
metabolic agents probably inducing internal acidity (low oxygen tension, 
long exposure to cold, narcotics, etc.).  Conversely, penetrating weak bases, 
such as ammonia, abolished the static capacity, or even any regular polar- 
ization.  Light acts something like ammonia, after an initial "acid gush" 
anomaly.  Most of these agents likewise affect the P.D. and its response to 
external ionic alterations, and it seems likely that the change in capacity 
type reflects altered ionic permeabilities and relative mobilifies. 